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Description 

In our earlier international patent application No. 
WO 94/24263, which was unpublished at the priority 
date hereof, we disclose a non-invasive drug delivery s 
system involving the use of a needleless syringe which 
fires light drug-containing particles in controlled doses 
into the intact skin or delivers genetic material into living 
cells. The syringe described in the earlier application is 
constructed as an elongate tubular nozzle, a rupturable 10 
membrane initially closing the passage through the noz- 
zle adjacent to the upstream end of the nozzle, particles 
of a therapeutic agent, particularly a powdered thera- 
peutic agent located adjacent to the membrane, and 
energizing means for applying to the upstream side of is 
the membrane a gaseous pressure sufficient to burst 
the membrane and produce through the nozzle a super- 
sonic gas flow in which the particles are entrained. 

By appropriate selection of the geometry and Mach 
number for the nozzle, which preferably has a conver- 20 
gent upstream portion, leading through a throat to a 
cylindrical or, preferably, divergent downstream portion, 
it has been possible to provide a pseudo-steady state, 
supersonic two phase flow through the nozzle, in which 
the particles move with a velocity dose to that of the 25 
propelling gas in which they are entrained. Conse- 
quently, a large proportion of the particles reach the tar- 
get under quasi-steady flow conditions and only a small 
proportion are delivered in transient flow and carried on 
the contact surface. This leads to considerable benefit 30 
both in control and in increased skin or other target pen- 
etration and is surprising in such a transient phenome- 
non. 

In the earlier application it was proposed that the 
particles be contained within a capsule consisting of a 35 
pair of the rupturable membranes arranged face to face 
transversely to the axis of the nozzle and sealed 
together around their edges by means of an intervening 
ring provided with sealing means for sealing the periph- 
ery of the capsule to a tubular body of the syringe. A 40 
capsule of this construction is quite complex for a dis- 
posable part and may provide an uncertain dose of the 
therapeutic agent if a proportion of the particles become 
entrapped behind the edges of the downstream mem- 
brane upon delivery. 45 

US-A-3853125 discloses a needleless syringe 
comprising a nozzle, an open ended chamber arranged, 
in use, to contain and enclose a container containing a 
therapeutic agent, and energizing means for applying a 
gaseous pressure sufficient to force the agent out so 
through the downstream end of the container and the 
open downstream end of the chamber and thus to cre- 
ate through the nozzle a gas flow in which the agent is 
entrained. According to the present invention, such a 
syringe is characterised in that the nozzle is an elongate 55 
nozzle, the chamber is at the upstream end of the elon- 
gate nozzle in axial alignment therewith, the chamber is 
arranged, in use, to contain and enclose a soft-walled 



capsule as a container containing particles of a thera- 
peutic agent, a means for piercing the upstream end of 
a capsule in the chamber is arranged at the upstream 
end of the chamber, and in that a supersonic gas flow is 
created through the nozzle. 

The capsule for use in the new syringe may have a 
gelatine wall and be substantially cylindrical with domed 
ends, such as are commonly used in, for example, 
inhalers used by asthmatics. By using tried and tested 
technology for creating and filling the capsules, the 
development and launching of the syringe can be car- 
ried out speedily and at low cost 

The capsule chamber for intimately enclosing the 
capsule may be formed within two separable wall parts 
which are divided transversely to the axis of the nozzle. 
In use the two parts will be separated to insert a capsule 
and then drawn axially together around the capsule. 
The two wall parts of the chamber may be held together 
by entrapment between two parts of the syringe body, 
which are, for example, interconnected by a screw- 
threaded, bayonet or other releasable connection. 

The means for piercing the upstream end of the 
capsule may be a tubular or other cutter projecting into 
the capsule chamber from the upstream end of the 
chamber wall, and being arranged to pierce the 
upstream end of the capsule as the two parts of the 
chamber wall are drawn together. Alternatively the 
upstream end of the capsule may be pierced by a 
skewer which extends into the chamber through the 
opening at its upstream end. 

In order to enable the particles to be readily forced 
out through the downstream end of the capsule and 
through the open downstream end of the capsule cham- 
ber and hence into the nozzle, the downstream end of 
the capsule may be pierced similarly to the upstream 
end. Alternatively, the downstream end of the capsule 
may be moulded or otherwise formed with a weakened 
portion, such as in a cruciform shape, so that the down- 
stream end of the capsule readily ruptures when the 
necessary gas pressure is applied to initiate the flow 
through the capsule and along the nozzfa 

In order to increase the pressure build-up prior to 
the supersonic flow, and hence to increase the super- 
sonic velocity, the interconnection between the capsule 
chamber and the nozzle may be closed initially by a rup- 
turable membrane of, for example, Mylar, (Trade Mark), 
extending across the axi6. In a similar position, a fine 
mesh may be provided in order to retain any parts of the 
capsule wall which might otherwise be entrained in the 
gas flow through the nozzle. 

The energizing means may take any of the forms 
referred to in our earlier application, for example a pres- 
sure chamber upstream of the capsule chamber and 
means for the controlled build-up of gaseous pressure 
in the pressure chamber, or a pressure chamber 
upstream of the capsule chamber containing a reservoir 
of compressed gas, together with means for releasing 
the pressure from the reservoir for drug delivery. 
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In other respects, for example in the use of a 
spacer/silencer at the downstream end of the nozzle, 
reference is made to the earlier application. 

An example of a syringe constructed in accordance 
with the present invention is illustrated in the accompa- s 
nying drawings, in which: 

Fig. 1 is an axial section; 
Fig. 2 is an elevation; 
Fig. 3 is a side elevation of a capsule; and, 
Fig. 4 corresponds to part of Fig. 1 but of a modified 
syringe 

The illustrated syringe has a barrel portion formed 
by rigidly interconnected parts 3 and 4 and a tubular 
nozzle 5, which has a convergent/divergent passage 
5A, and to which the barrel part 4 is interconnected by 
screw-threads 6. The lower end of the nozzle 5 is pro- 
vided with a shroud 7 and silencer 8. The barrel part 4 
has a passageway 9 interconnecting the interior of the 
barrel part 3 with a compartment 10 via a ring of ducts 
11. The barrel part 3 is arranged to receive through its 
open upper end a bulb 12 containing pressurized gas 
and having a neck 13 which is insertable downwards 
into the passage 9, to which it is sealed by a O-ring 14. 
The outlet from the bulb 12 through the neck 13 is 
closed by a spring-loaded ball valve 15. A spigot 16 
which is fixed in the barrel part 4 and extends into the 
neck 13 of the bulb, is arranged to open the ball valve 
against spring action when the bub is pushed further 
than the illustrated position down into the barrel part 3, 
e.g. by the thumb of a person's hand holding the barrel 
in its palm. 

Mounted between the barrel part 4 and the nozzle 5 
is a capsule holder formed by two hollow parts 17 and 
18. When brought together as illustrated, these parts 
define an internal capsule chamber 19 of substantially 
cylindrical shape with domed ends, the chamber being 
arranged to contain a soft-walled, powdered drug con- 
taining capsule 19A of complementary shape. The parts 
17 and 18 are held together between the nozzle 5 and 
an inwardly projecting rib 20 on the upper barrel 4 when 
the barrel part 4 is screwed on to the nozzle. The 
remote ends of the parts 17 and 18 are both provided 
with fixed tubular cutters 21 , 21 A which are arranged to 
pierce the ends of the capsule when, with the capsule 
between the parts 17 and 18, the parts 17 and 18 are 
drawn together by screwing up of the barrel part 4 on to 
the nozzle 5. In this assembled configuration, depres- 
sion of the end of the bulb down into the barrel part 3 
causes the spigot 1 6 to open the valve 1 5 and to release 
the gas pressure within the bufb, which then flows 
through ducts 11, compartment 10, and into the upper 
end of the capsule chamber 19. When sufficient pres- 
sure has built up, a supersonic flow is created through 
the interior passage in the nozzle 5, with the particles 
being flushed out of the capsule and entrained in the 
gas flow, and hence carried out through the shroud into 



a patient's skin. 

A Mylar(Trade Mark) membrane 22, rupturable to 
release the gas flow, and/or a screen, may be trapped 
between the bottom of the chamber part 18 and the 
upper end of the nozzle 5 as shown in Fig. 4, for the pre- 
viously explained reasons. The membrane 22 is formed 
at its edges with a tip 22A, which is received in an annu- 
lar grove in the top face of the nozzle 5, to seal the parts 
5 and 18 together. The lip 22A thus replaces the O-ring 
22B shown in Fig. 1. 

After discharge of the syringe, the barrel part 4 will 
be unscrewed from the nozzle 5 to enable removal and 
disposal of the remnants of the capsule, and also of the 
Mylar membrane if used. The bulb 1 2 will also be with- 
drawn for disposal. In most cases the remaining parts of 
the syringe may be reused with new disposable parts. 

Instead of the lower cutter 21, the lower end of the 
capsule 19A may be weakened, e.g. by cruciform lines 
of weakness 23, as shown in Fig. 3. The diaphragm 22 
should not then be needed. 

The shroud and silencer 7,8 are simitar to those 
described in the earlier application to the extent that the 
shroud is a tubular part extending beyond the end of the 
nozzle 5, and the silencer includes an annular passage 
8A between an upper portion of the shroud 7 and a 
lower portion of the nozzle 5, the passage leading from 
within the shroud 7 to a ring of vents 8B opening out 
through the upper part of the shroud to the atmosphere. 
The interior of the passageway is irregular in the sense 
that both the inner wall of the shroud and the outer wall 
of the nozzle are stepped as shown at 8C thereby pro- 
viding surfaces for the flow resulting from reflection of 
the Shockwave at the patient's skin, to make mutttple 
reflections, and thus dissipating the energy and noise. 
There may be a plurality of the steps 8C at axially 
spaced positions along the shroud and nozzle, with at 
least some adjacent pairs facing one another diagonally 
across the passage 8A, in a similar way to that in which 
the steps 8C face one another. 

Alternatively, instead of being provided with the 
steps 8C, the passage may be filled with a helical vane, 
which causes multiple reflections from the adjacent axi- 
ally facing turns of the vane as the gas flow passes gen- 
erally helically along the passage. Such helical vane 
may be formed by moulding a helical flight on the out- 
side of the nozzle and a complementary helical llight on 
the inside of the shroud, the two being brought into 
angular alignment when the shroud is fitted to the noz- 
zle. 

Typically, the gas provided in the chamber 14 may 
be helium at a pressure of the order of 40 to 80 bar. The 
nozzle may be of convergent/divergent or conver- 
gent/cylindrical form with a length of between 50 and 
100, preferably 60mm, and a throat diameter of 
between 1 and 10, preferably between 1.5 and 5mm. 
With appropriate gas pressure, particles having a diam- 
eter of 10-40p,m will be accelerated through the nozzle 
to velocities of between Mach 1 and 3. 
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Claims 

1. A needleless syringe comprising a nozzle (5), an 
open ended chamber (19) arranged, in use. to con- 
tain and enclose a container (19A) containing a 
therapeutic agent and energizing means (12) far 
applying a gaseous pressure sufficient to force the 
agent out through the downstream end of the con- 
tainer and the open downstream end of the cham- 
ber (19) and thus to create through the nozzle (5) a 
gas flow in which the agent is entrained; character- 
ised in that the nozzle (5) is an elongate nozzle, the 
chamber (1 9) is at the upstream end of the elongate 
nozzle (5) in an axial alignment therewith, the 
chamber (19) is arranged, in use, to contain and 
enclose a soft-walled capsule (19A) as a container 
containing particles of a therapeutic agent a 
means (21) for piercing the upstream end of a cap- 
sule (19A) in the chamber is arranged at the 
upstream end of the chamber (19), and in that a 
supersonic gas flow is created through the nozzle 
(5)- 

2. A syringe according to claim 1, containing a cap- 
sule (19A) have a gelatine wall and being substan- 
tially cylindrical with domed ends. 

3. A syringe according to claim 1 or daim 2, in which 
the capsule chamber (19) is formed within two sep- 
arable wall parts (17, 18) which are cfivided trans- 
versely to the axis of the nozzle. 

4. A syringe according to claim 3, in which the two wall 
parts (17, 1 8) of the chamber (19) are held together 
by entrapment between two parts (4,5) of the 
syringe which are interconnected by a releasable 
connection (6). 

5. A syringe according to any one of the preceding 
claims, in which the means for piercing the 
upstream end of the capsule is a cutter (21) project- 
ing into the capsule chamber (19) from the 
upstream end of the chamber. 

6. A syringe according to claim 5 when dependent 
upon claim 3 or claim 4, in which the two wall parts 
(17,18) are arranged to be drawn axially together 
around the capsule, the cutter (21) being arranged 
to pierce the upstream end of the capsule as the 
two wall parts are drawn together. 

7. A syringe according to any one of the preceding 
claims, further comprising means (21 A) at the 
downstream end of the capsule chamber (19) for 
piercing the downstream end of a capsule (19A) in 
the chamber. 

8. A syringe according to any one of claims 3 to 6 



when dependent upon claim 2, in which the capsule 
(19A) is formed with a weakened portion (23) so 
that the downstream end of the capsule readily rup- 
tures when necessary gas pressure is applied to 
5 initiate the flow through the capsule and along the 
nozzle (5). 

9. A syringe according to any one of claim 1 to 7, in 
which the interconnection between the capsule 
w chamber (19) and the nozzle (5) is additionally 
closed by a rupturable membrane extending across 
the axis of the nozzle. 

PatentansprQche 

15 

1. Nadellose Spritze, aufweisend: eine DOse (5), eine 
Kammer (19) mit offenem Ende, die angeordnet ist, 
urn in Gebrauch einen Behalter (19A) mit einem 
therapeutischen Wirkstoff zu enthalten und zu 

20 umhflllen, und eine Einrichtung (1 2) zur Versorgung 
mit Energie, urn einen Gasdruck anzulegen, wel- 
cher ausreicht, den Wirkstoff durch das abstrom- 
seitige Ende des Behalters und das offene 
abstrfimseitige Ende der Kammer (19) hindurchzu- 

25 treiben, und auf diese Weise durch die DOse (5) 
eine Gasstrtmung zu erzeugen, in welcher der 
Wirkstoff mHgerissen wird; dadurch gekenn- 
zeichnet, daB die DOse (5) eine langgestreckte 
DOse ist, die Kammer (19) sich am einstrfimseitigen 

30 Ende der langgestreckten DOse (5) in axialer Aus- 
richtung mit dieser bef indet, die Kammer (1 9) ange- 
ordnet ist, urn in Gebrauch eine Kapsel (19A) mit 
weicher Wandung als Behalter, welcher Partikel 
eines therapeutischen Wirkstoffs errthaH, zu enthal- 

35 ten und einzuhQIien, eine Einrichtung (21) zum 
Durchstechen des einstrfimseitigen Endes einer in 
der Kammer befindlichen Kapsel (19A) am eJn- 
stromsertigen Ende der Kammer (19) angeordnet 
ist und daB eine Uberschallgasstrflmung durch die 

40 DOse (5) hindurch erzeugt wird. 

2. Spritze nach Anspruch 1 , welche enthait: eine Kap- 
sel (19A) t welche eine Gelatinewandung besrtzt 
und im wesentlichen zylindrisch mit bauchigen 

45 Enden ist. 

3. Spritze nach Anspruch 1 Oder 2, bei der die Kapsel- 
kammer (19) innerhatb zwei trennbarer Wandteile 
(17,18) ausgebildet ist, welche in Quemchtung zur 

so Achse der DOse geteitt sind. 

4. Spritze nach Anspruch 3, bei der die beiden Wand- 
teile (17,18) der Kammer (19) durch EinschluS zwi- 
schen zwei Teile (4, 5) der Spritze 

55 zusammengehaften werden. welche durch eine Ids- 
bare Verbindung (6) miteinander verbunden sind. 

5. Spritze nach einem der vorstehenden AnsprQche, 
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bei der die Einrichtung zum Durchstechen des ein- 
stromseitigen Endes der Kapsel erne Schnetdeein- 
richtung (21) ist welche in die Kapselkammer (19) 
vom einstn5mseitigen Ende der Kammer hineinragt 

5 

6. Spritze nach Anspruch 5 wenn dieser von 
Anspruch 3 oder 4 abhangt, bei der die beiden 
Wandteile (17, 18) so angeordnet sind, daS sie 
gemeinsam in axaler Richtung um die Kapsel 
gezogen werden, und die Schneideeinrichtung (21) 10 
so angeordnet ist daB das einstromsetoge Ende 
der Kapsel durchstochen wird, wenn die beiden 
Wandteile gemeinsam gezogen werden. 

7. Spritze nach einem der vorstehenden AnsprOche, is 
wetter aufweisend: eine Einrichtung (21 A) am 
abstrOmsertigen Ende der Kapselkammer (19), um 
das abstromseitige Ende einer in der Kammer 
befindlichen Kapsel (19A) zu durchstechen. 

20 

8. Spritze nach einem der AnsprOche 3 bis 6 wenn 
diese von Anspruch 2 abhangen, bei der die Kapsel 
(19A) mrt einem geschwachten Abschnitt (23) aus- 
gebildet ist, so daB das abstromseitige Ende der 
Kammer leicht zerreiflt, wenn der erforderliche 2$ 
Gasdruck angelegt wird, um die StrOmung durch 

die Kapsel und enttang der DQse (5) auszulosen. 

9. Spritze nach einem der AnsprOche 1 bis 7, bei der 

die Verbindung zwischen der Kapselkammer (19) 30 
und der DQse (5) zusatzlich durch eine zerreiftbare 
Membran verschlossen ist, welche sich quer zur 
Achse der DQse erstreckt 

Revendlcations as 

1 . Seringue sans aiguille comprenant une tuyere (5), 
une chambre a extremites ouvertes (19) agencee, 
pendant ('utilisation, pour contenir et entourer un 
recipient (19A) contenant un agent therapeutique, 40 
et un moyen d'actionnement (12) pour appliquer 
une pression gazeuse suffisante pour expulser 
I'agent par I'extremite aval du recipient et rextremite 
aval ouverte de la chambre (19) et done pour creer 
dans la tuyere (5) un ecoulement gazeux dans 45 
leque! I'agent est entratne, caracterisee en ce que 
la tuyere (5) est une tuyere allongee, la chambre 
(19) est a rextremite amont de la tuyere allongee 
(5) en alignement axial avec celle-ti, la chambre 
(19) est agencee, pendant ('utilisation, pour corrte- so 
nir et entourer une capsule a paroi molle (19A) en 
tant que recipient contenant des particules d'un 
agent therapeutique, un moyen (21) pour percer 
rextremite amont d'une capsule (19A) dans la 
chambre est agence a rextremite amont de la ss 
chambre (19), et en ce qu'un ecoulement gazeux 
supersonique est cree dans la tuyere (5). 



2. Seringue selon la revendication 1, contenant une 
capsule (19A) ayant une paroi en gelatine et etant 
sensiblement cylindrique avec des extremites bom- 
bees. 

3. Seringue selon la revendication 1 ou la revendica- 
tion 2, dans laquelle fa chambre a capsule (19) est 
formee a I'interieur de deux parties de paroi sepa- 
rates (1 7, 1 8) qui sont divisees transversal ement a 
I'axe de la tuyere. 

4. Seringue selon la revendication 3, dans laquelle les 
deux parties de paroi (17. 18) de la chambre (19) 
sont maintenues ensemble par inclusion entre deux 
parties (4, 5) de la seringue qui sont reliees entre 
el les par une liaison reversible (6). 

5. Seringue selon I'une quelconque des revendlca- 
tions precederrtes, dans laquelle le moyen pour 
percer rextremite amont de la capsule est un cou- 
teau (21) qui fait sail lie dans la chambre a capsule 
(19) depuis rextremite amont de la chambre. 

6. Seringue selon la revendication 5, lorsqu'elle 
depend de la revendication 3 ou de la revendication 
4, dans laquelle les deux parties de paroi (17, 18) 
sont agencies pour etre reunies axialement autour 
de la capsule, le couteau (21) etant agence pour 
percer I'extremite amont de la capsule lorsque les 
deux parties de paroi sont reunies ensemble. 

7. Seringue selon Tune quelconque des revendica- 
tions precedentes, comprenant en outre un moyen 
(21 A) a I'extremite aval de la chambre a capsule 
(19) pour percer rextremite aval d'une capsule 
(19 A) dans la chambre. 

8. Seringue selon i'une quelconque des revendica- 
tions 3 a 6, lorsqu'elles sont dependarrtes de la 
revendication 2, dans laquelle la capsule (19A) est 
munie d'une partie affaiblie (23) de sorte que 
I'extremite aval de la capsule est crevee aisement 
lorsqu'une pression gazeuse n6cessaire est appli- 
quee pour amorcer recoulement dans la capsule et 
le long de la tuydre (5). 

9. Seringue selon I'une quelconque des revendlca- 
tions 1 a 7, dans laquelle I'interconnexion entre la 
chambre a capsule (19) et la tuyfere (5) est ferm6e 
en outre par une membrane crevable qui s'etend 
transversalement a I'axe de la tuyere. 
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